ABSTRACT
INTRODUCTION
Superhydrophobic surfaces that induce slip have recently received attention as a means of achieving surface friction and drag reduction [1] . Other applications of using such surfaces include frost prevention on aircraft flight surfaces to selfcleaning features on solar energy panels [2] .
One way to achieve superhydrophobicity is through the modification of the surface geometry. Two models represent the wetting behavior of such textured surfaces: the Wenzel state [3] and the Cassie-Baxter state [4] . The Wenzel state models the amplifying effect that surface texturing has on the Young's contact angle under fully liquid imbibed conditions. The Cassie-Baxter state models the macroscopic contact angle formed when air pockets exist within the microtexturing. The presence of these air pockets in the Cassie state can lead to friction and drag reduction [5] , with research in this area being actively pursued. Such research includes modeling the fluid Proceedings of the ASME/JSME 2011 8th Thermal Engineering Joint Conference AJTEC2011 March 13-17, 2011, Honolulu, Hawaii, USA
AJTEC2011-44
flow over random textured surfaces [6] , studying the drag reduction of flow over carbon nano-tube forests [7] , and the use of chemical coatings in microtextured surfaces to induce superhydrophobic conditions [8] . Studies have also been conducted in utilizing thermally sensitive chemical polymers in order to modify the substrate surface energy [9] .
Despite the vast literature on friction and drag reduction from superhydrophobic surfaces, there is very little work aimed at correlating the pressure and thermal effects on the stability and characteristics of this condition. A few researchers have studied the pressure effects on the Cassie-Baxter State, concluding that textured surfaces with isolated gaps result in a lower contact angle hysteresis [10] . However, studies on thermal effects to the trapped gas layer and correlating them to superhydrophobic channel flows have not been conducted to date.
In this paper, we develop a simple model of the compressibility effects associated with the gas pockets under heated conditions, and observe how they affect the stability of the Cassie state and its friction reduction characteristics.
The theoretical model is validated against experimental microchannel flow data, where micro-gaps are used as the surface texturing. The flowing fluid in the microchannels tends to penetrate into the micro-cavity gaps as a result of the imposed pressure gradient. However, as the microfluidic channel is heated, the air in the micro-gaps expands and the penetrating water layer is pushed back to its original state. Consequently, the air gaps can withstand higher liquid pressure, thus prolonging the two phase flow in the microfluidic channel. Correlation of the model results and the experimental data indicate that heated cavities provide more stability to the Cassie state under pressure flow conditions. 
THEORETICAL MODEL

Cassie-Baxter Model
In order to ensure a proper two phase flow through friction reduction in the microchannel flow, a microtextured surface that induces a stable Cassie state is desirable. A liquid meniscus, resting on top of a textured surface, is under a Cassie state if the liquid does not wet the gaps beneath the liquid interface. As a result the liquid resting on top of the textured surface will experience a decrease in surface resistance since a portion of the contact surface underneath is gas. The conventionally used Cassie-Baxter model [4] (2) where r c is the critical roughness factor. A roughness factor lower than r c will result in a Wenzel state where full wetting of the microtextured surface will occur, or a metastable Cassie state where the liquid initially under Cassie state may transition to Wenzel state if disturbances occur. On the other hand, a roughness factor higher than r c will lead to a stable Cassie state. In our experiments, we have conducted tests on textured microfluidic channels with roughness factors higher and lower than the critical roughness factor.
EXPERIMENT SETUP
Fabrication of the Micro-cavity Substrate Microchannels
The microfluidic devices were fabricated by softlithography. A bare wafer was coated with SU-8 2050 (Microchem) and a negative mold for the PDMS microfluidic channel was fabricated through standard photolithographic procedures. The thickness of the SU-8 mold pattern was measured using a profilometer (Veeco) to confirm the channel thickness. The wafer was then silanized (UCT specialties, LLC) for at least an hour in a vacuum desiccator to fluorinate the SU-8 mold. A PDMS base and solvent (Dow Corning) mixture, at a volume ratio of 10:1, was poured on the silanized SU-8 mold. The entire wafer was cured at 95°C for 2 hours. The cured PDMS microfluidic channel replicas were peeled off from the wafer and were bonded to glass substrates. Prior to bonding, the glass substrates were spin coated with a thin layer of PDMS to ensure uniform properties within the microfluidic channel. Both PDMS slabs and PDMS coated glass substrates were treated with oxygen plasma (Harrick Plasma) at 29Watts for 20 seconds. Once the bonding was complete, the treated samples were then baked overnight on a hot plate at 65°C.
The channel dimension for the baseline channel with no surface textures is 100µm × 110µm × 2cm (width × height × length). For the channels with micro-textured surface, the liquid flow channel dimension is identical to the baseline channel and an array of micro-trenches with dimensions of 60µm × 500um (gap size × depth of cavity) on the side walls are added. 
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The results indicate that Cassie state can be prolonged if the air cavities are heated, and that surfaces with isolated air pockets may actually be more stable than a surface that is nonisolated. However, with the current pressure range, the effect of prolonging the Cassie state did not significantly affect the friction in the channel. By testing at higher pressure range, it may be possible to achieve reduced frictional effect in the heated channel. Hence, we anticipate that the thermal effect of air pockets can be extended to the designing of superhydrophobic surfaces exposed to external fluid flow.
